Introduction
Infertility has been estimated to concern approximately 13-15% of the world population. In Europe alone the problem affects several percent of couples trying for a baby, with 17.3% in the UK, 12.2% in France and 6.6% in Norway [1] . In Poland there have been no precise epidemiological studies on the topic but rough estimates say that from 700 thousand to a million couples seek treatment for infertility [2] . Owing to the systematic rise in the scale of the problem, the World Health Organization (WHO) has declared it a public condition and its treatment has since been considered as one of basic human rights [3] .
Bacterial infections of the upper reproductive tract are often mentioned among the reasons for female infertility. Clinically, they manifest as pelvic inflammatory disease (PID) [4] . It is mainly sexually transmitted pathogens (Chlamydia trachomatis, Neisseria gonorrhoeae, Mycoplasma genitalium, Mycoplasma hominis, Ureaplasma urealyticum), as well as aerobic and anaerobic bacteria present in vaginal microflora, that are responsible for the development of PID [5] .
Until recently, bacterial vaginosis (BV), the condition where Gardnerella vaginalis is one of the most commonly isolated agents, was considered to be only a quantitative disturbance of the bacterial microflora composition, with no further medical consequences.
Currently, it is known that untreated BV may lead to many complications. In pregnant women bacteria that are responsible for BV may cause infections of the decidua, chorion and amniotic fluid, which may result in premature rupture of the membranes, preterm delivery, low birth weight of the infant and also perinatal newborn and mother infections [6] [7] [8] . Untreated BV may also have a negative influence on female fertility. Epidemiological studies on women qualified to in vitro procedures revealed that patients with fallopian tube obstruction and no ovulation had a three-fold higher incidence of BV and PID than women with other reasons for infertility [9] .
When discussing bacterial infections of the female genital tract, it is worthwhile to mention the condition known as aerobic vaginitis (AV), an inflammation of the vagina with uncontrolled overgrowth of aerobic bacteria, like Escherichia coli, Streptococcus agalactiae or Enterococcus faecalis over Lactobacillus spp. AV commonly results from improper treatment of BV, vulvo-vaginal candidiasis (VVC) and trichomoniasis [10] . To the best of our knowledge, literature lacks reports which show a direct link between AV and infertility, but similarly to BV, this condition may also contribute to other infectious complications which may lead to infertility. Awareness of these risk factors has resulted in the introduction of BV/AV screening programs in many countries.
Objective
The aim of the work was to assess the incidence of bacterial etiological factors causing inflammation of the upper and lower reproductive tract in woman treated for infertility with no clinical parameters of acute inflammation of the vagina and/or the cervix.
Material and Methods
161 women, aged from 20 and 40 years, from South-Eastern Poland were included into the study. The first group (N=101) was composed of woman treated for infertility for over one year at the PARENS centre for the treatment of infertility in Cracow. The study was supported by grant no 2PO5E 004 30. Women and their partners had been thoroughly investigated to exclude other factors which may have played a role in problems with conception, such as anatomical and hormonal abnormalities, endometriosis and abnormal sperm parameters. At the time the samples were collected for microbiological studies, none of the The remaining 60 women, with no history of fertility problems and at least one child, comprised the control group. Similarly to the women from the study group, the controls did not present with any clinical symptoms of inflammation of the reproductive tract. All study participants signed an informed consent. Material samples were collected at the Outpatient Clinic of Diagnostics, Department of Microbiology, Jagiellonian University Medical College, based on the referral form from the investigating gynecologist. Women receiving antibiotic therapy or up to three weeks after the treatment were excluded from the study. The material was obtained from the posterior vaginal fornix and the cervical canal (swabs), as well as urine (first-catch urine specimens containing epithelial cells).
Streszczenie
Microbiological studies were performed to detect typical etiological agents causing infections of the lower and upper reproductive tract, i.e.: C. trachomatis, N. gonorrhoeae, M.
genitalium, M. hominis, U. urealyticum, G. vaginalis, E. coli, S. agalactiae, E. faecalis.
The material from the cervical canal was collected and tested for the presence of C. trachomatis, N. gonorrhoeae, M. hominis, M. genitalium and U. urealyticum based on PCR according to the procedure described in the literature [11] [12] [13] [14] . PCR was performed using species-specific primers, with their sequences and amplicon size listed in Table I . Columnar DNA Genomic Mini set (DNA Gdańsk, Poland) was used for the isolation of the genetic material.
Additionally, 66 patients (31 women with infertility and 35 controls) were randomly selected to have urine samples collected. Urine samples were tested using Strand Displacement Amplification (SDA) technology with BD ProbeTec ET (Becton Dickinson, USA) apparatus to detect C. trachomatis DNA [15] . The collected samples were processed and analyzed according to the producer's recommendations and methodology.
The material collected from the posterior vaginal fornix was examined for the presence of bacterial (both aerobic and anaerobic) as well as fungal agents of vaginal infections. pH measurement was an additional parameter facilitating the determination of the status of physiological vaginal microflora, performed using a colorimetric pH PEHANON indicator test (Macherey-Nagel, Germany), which allowed to determine pH on a scale from 3.8 to 5.5. Two swabs were collected from each woman. One of them was used to prepare a Gram-stained specimen for direct evaluation of the vaginal microflora according to the 10-point Nugent score [16] , and the second swab was used for qualitative and quantitative cultures for bacterial and fungal agents of vaginal infections.
The material was placed in 1 ml of liquid Schaedler medium (Difco, USA), mixed and serially diluted 4 times and then streaked on solid differentiating media. Aerobic bacteria were cultured on Columbia Agar with 5% sheep blood (Difco) incubated in aerobic conditions for 24h at 37°C. The same culture conditions were applied to Enterobacteriaceae cultured on McConkey's agar (Biocorp, Poland) and enterococci cultured on Bile Esculin Azide LAB-agar (Biocorp). Schaedler medium (Difco) with vitamin K and 5% sheep blood was used for strictly anaerobic bacteria. Cultures of G. vaginalis were made on Columbia Blood Agar Base (Difco) with 10% human blood and Selective Supplement (Oxoid, UK), whereas MRS Agar (Oxoid) was used for lactobacilli. Anaerobic bacteria were cultured in strictly anaerobic conditions in MACS (Don Whitley, UK) anaerobic chamber, at 37°C for 48h. Streaked Sabouraud Agar (Difco) was incubated in aerobic conditions for 24h at 37°C to detect yeastlike fungi. Cultured bacterial and fungal colonies were counted to determine colony forming units (c.f.u.) per 1 ml of the medium in which examined sample was suspended. Microorganisms not belonging to the Lactobacillus genus, the population of which was equal to or smaller than 1.0 × 10 4 c.f.u/ml, were considered normal bacterial flora of the vagina. Each bacterial or fungal etiological factor with the population equal to or greater than 1.0 × 10 5 c.f.u/ml, was considered to be disturbing the vaginal ecosystem equilibrium. For precise identification of the species in the cultured colonies the following API (bioMérieux, France) tests were used: API STREP (for streptococci and enterococci), API STAPH (for staphylococci), API 20E (for Enterobacteriaceae) and API 20A (for anaerobes). The results were analyzed with API LAB software used for classifying studied bacteria. G 2 (Likelihood Ratio) test was used for statistical analysis. Level of significance was established at p<0.05. Statistical analysis was made using the JMP 7.0.2 (SAS, USA) software package.
Results
The analyses of the material collected from the cervical canal confirmed that in both groups of women U. urealyticum was the most commonly detected pathogen. It was found in 9 women (9%) treated for infertility and in 5 women (8%) from the control group. No statistically significant difference was shown between the two groups for the occurrence of this etiological factor (p=0.9248).
M. hominis was the second most commonly detected microorganism. It was found in 4 women (4%) treated for infertility but was not detected in controls. The difference was on the verge of statistical significance (p=0.0515). It is worth noticing that 3 of 4 women with M. hominis were U. urealyticum positive.
The presence of C. trachomatis in the cervical canal was confirmed in two women (3%) from the control group. No infection with this pathogen was found in the study group. The difference proved to be statistically significant (p=0.0458).
Apart from the conventional PCR method for detecting C. trachomatis infections, the SDA based on the BD ProbeTec ET genetic system was used as comparison. From the 66 examined urinary samples, SDA showed a negative result in 64 cases (97%), 1 doubtful result (1.5%) and 1 positive result (1.5%). The positive result obtained with SDA was also confirmed using PCR with species-specific primers. The second positive result for C. trachomatis shown by PCR was impossible to confirm with BD ProbeTec ET owing to non-validated urine sample. PCR examination of the doubtful SDA result turned out to be negative.
None of the women tested positive for N. gonorrhoeae or M. genitalium. The results are shown in Table II . Additionally, Fig. 1 demonstrates an example of PCR reaction products for U. urealyticum, performed with species-specific primers.
In both groups, the majority of woman had normal bacterial vaginal flora. Normal bacterial vaginal flora was confirmed in 80 women (79%) treated for infertility and 51 women (85%) from the control group.
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Ginekol Pol. 2013, 84, 352-358 BV was confirmed (based on pH, Nugent score and quantitative culture results) in 7 women (7%) treated for infertility, and none from the control group. Statistical analysis showed that infertile women had significantly more frequently developed BV in comparison to fertile women (p=0.0096).
AV was diagnosed in 12 women (12%) treated for infertility and 7 controls (12%). No statistically significant difference was found (p=0.9674). Furthermore, 2 women (2%) from the study group and 2 women (3%) from the control group were diagnosed with VVC. Results showing the vaginal microflora of women participating in the study are listed in Table 3 , and Fig. 2 was used to illustrate the frequency of BV, AV and VVC in both groups.
Despite the fact that no acute clinical symptoms of an ongoing inflammation of the vagina and/or cervix were found in women from the two examined groups, the presence of pathogenic microorganisms was detected in 29/101 infertile women (28.7%) and in 16/60 controls (26.6%).
Discussion
The results of microbiological examinations of materials collected from the cervical canal of fertile and infertile women are similar to results reported by other authors. In a study based on the PCR technique, including 31 infertile women and 31 controls, no differences as to the frequency of C. trachomatis, U. urealyticum and M. hominis were found and the most commonly isolated pathogen was U. urealyticum [17] . In a recently published study, Günyeli et al., demonstrated that there were no significant differences as to the detection rates of infections with C. trachomatis, M. hominis and U. urealyticum in fertile and infertile women and men. The study was performed on a group of 212 participants, using ELISA [18] . In Poland, a study performed by Grześko et al., evaluated the detection rate of U. urealyticum and M. hominis from the cervical canal of fertile and infertile women. The results of the study showed that U. urealyticum was present with high frequency in the material collected from the cervical canal in both groups, but without significant differences. The presence of this microorganism was found in 72% of the infertile women and in 82% controls. M. hominis was present in both groups, also with no significant differences. Its presence was detected in 5.9% of the infertile women and 8.7% of the women from the control group [19] . In a study of Al-Ramahi et al., the authors, using PCR, stated that there were no significant differences in the isolation rates of C. trachomatis from the cervical canal between the groups of infertile and fertile women, even though this pathogen was isolated relatively more frequently from infertile women when compared to controls (3.9% and 0.7%, respectively) [20] .
The results of different studies discussed above and the results of our study show that bacterial infections of the lower and upper reproductive tract of fertile women and women having problems with natural conception occur at similar rates. Obviously, since the association of C. trachomatis and N. gonorrhoeae with infertility has been proven, early detection and treatment is of the utmost importance, especially in the higher risk groups, e.g. sexually active adolescents [21] .
It is especially important to prevent pelvic inflammatory conditions that may lead not only to infertility but also to pregnancy loss [4] . The exact role that infections with genital mycoplasmas play in infertility remains unclear. Although there are numerous reports which point to the fact that these bacteria may in fact be the reason for problems with fertility [22, 23, 24] , there are also many publications which argue otherwise [18, 19, 25] . It is a known fact that in pregnant women infections with these microorganisms may be the cause for recurrent miscarriages, preterm birth and low birth weight of the infants [26, 27, 28, 29] . It is also worth noting that despite C. trachomatis being still the most common sexually transmitted pathogen, the percentage of women infected with genital mycoplasmas (and also especially U. urealyticum) has increased recently, what is confirmed by our study [18, 19, 30] .
Review of relevant literature reveals that sexually transmitted microorganisms are significantly more common in infertile women in comparison to controls. Badami et al., demonstrated that in 125 infertile and 250 fertile women the infection rates were, respectively, 8.8% and 0.8% for C. trachomatis, 35.6% and 7.2% for M. hominis, and 32.8% and 19.2% for U. urealyticum. The differences between the groups were statistically significant. The evaluation was based on indirect immunofluorescence test and standard culture method [31] . In a recent paper, Zhou et al., examined 327 women with confirmed Fallopian tube infertility and 286 healthy, pregnant controls. The estimated rates of C. trachomatis infection were on average 15% in the infertile women and 2.8% in the control group; 23% and 7% for U. urealyticum and 29% and 8% for M. hominis, respectively [32] .
The considerable divergence of the results is owed to the fact that the epidemiological analyses take place in different parts of the world and different diagnostic methods are used. In our study (classic PCR and SDA based on BD ProbeTec ET set), we used assays which allowed to detect even a single DNA of the sought microorganisms and both study methods gave comparable results. Also, we did not use diagnostic culture method owing to fastidious growth demands of the microbes and prolonged waiting time. Similarly, serological methods were not employed, since they have little value for diagnosing asymptomatic infections, with lower number of microorganisms [33] .
The obtained results show that among women experiencing problems with conception, BV develops significantly more often when compared to fertile women. Data from the medical literature suggest that disturbances of bacterial vaginal microflora composition, like BV, are related to increased levels of proinflammatory cytokines, such as IL-8, IL-1β, interferon gamma (INF-γ) or tumor necrosis factor-alpha (TNF-α), which impair the activity of the immune system related to mucous membranes, and may be the reason for the so-called idiopathic infertility [34, 35] . Results of the studies performed by ManiaPramanik et al., also detect a statistically significant relationship between BV and infertility. Among 510 infertile women in that study, 14.1% were diagnosed with BV [36] . In case of AV, results of our study did not find any difference regarding its incidence in the group of fertile women vs. women from the control group. So far, there have been no reports in the literature showing a relationship of AV and infertility, but some studies report that, similarly to BV, it may be a reason for premature delivery and perinatal maternal and neonatal infections [10, 37, 38] . Bearing in mind those complications, it is worthwhile to investigate this disease entity more closely, especially since it affects a significant number of women worldwide. 
